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Abstract: - There are economic, strategic and technological needs for establishing a national aerospace sector in 
many developing countries. This is to support the growing demands for aerospace related products and to 
encourage international collaborations. International collaboration projects can cost billions of US dollars, but 
provide opportunities to access and gain aerospace knowledge in terms of skills, technologies and infrastructure 
related to the purchased aerospace systems. While there are several options for international technology 
transfer, there are currently no effective approaches, specifically in aerospace knowledge transfer, for 
international collaboration projects between developed and developing countries. There is a need for a specific 
framework to guide developing countries in this task and to overcome different transfer challenges. This paper 
presents an aerospace knowledge transfer framework (Aero-KT) to effectively manage knowledge transfer into 
developing countries during international aerospace collaboration projects. 
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1 Introduction 
The establishment of an aerospace sector is 
considered to be a strategically vital asset for the 
national economy and security in developing 
countries, as well as a means to create new job 
opportunities for nationals in a high value-added 
industrial sector [1]. 
Many developing countries have decided to 
develop an aerospace industry, and many of these 
nations have demanded the transfer of aerospace 
production skills. Several countries have achieved 
success in establishing an aerospace sector while 
many others have failed [2] and [3]. This is due to a 
lack in aerospace knowledge in term of skills, 
technology and infrastructure being appropriately 
transferred in international collaboration projects [4] 
and [5]. 
The aerospace sector is a complex and 
interdependent industry that requires an extensive 
aerospace knowledge. Knowledge is required in 
design, production and servicing activities, from 
single component to full aircraft, in various 
technological fields, such as aeronautical structures, 
propulsion systems, and electronics [6]. There are 
different types of knowledge that need to be 
accessed, identified and captured in order to be 
transferred. 
 In many international collaboration projects the 
organisations in developing countries may not have 
the capability to identify their knowledge needs in 
terms of skills, technologies and infrastructure and 
so depend heavily on their international foreign 
partners. Further, transferring aerospace knowledge 
is a complex issue that requires receiving 
organisations in developing countries to identify, 
learn and apply specific knowledge that already 
exists in the source organisations in developed 
countries [7]. 
The theme of international technology transfer 
has been an important area of research over a period 
of time [8], [9] and [10]. However, there are 
currently no effective approaches or solutions, 
specifically in aerospace knowledge transfer, in 
international collaboration projects between 
developed and developing countries. Therefore, the 
aim of this paper is to develop a holistic aerospace 
knowledge transfer framework. This is to guide the 
entire process from selection of the aerospace 
project and signing the contractual agreement, to 
successful transfer of required knowledge in order 
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to establish an aerospace sector in the developing 
country.  
The paper is structured to present the rational of 
this research in Section 1. The remainder of this 
paper is divided into four further sections: a review 
of related literature in Section 2; an analysis of the 
field study key challenges in Section 3; the 
development of the aerospace knowledge transfer 
framework (Aero-KT) and the discussion of 
findings in Section 4; and conclusion in Section 5.  
 
 
2 Review of Related Literature 
 
2.1 Motives for establishing aerospace sector 
Many developing countries have sought to develop 
an aerospace industry, and many nations have 
demanded the transfer of aerospace production 
capabilities as part of international collaborations 
[11]. A number of scholars have studied the motives 
of establishing an aerospace sector in developing 
countries, including Brazil [12], Indonesia [13], 
Malaysia [14], and others. Developing nations are 
variously motivated to build up, or to acquire, 
aerospace capabilities; these drivers may be political 
[15], for national security [16], technological [17], 
economic [18], to overcome trade embargos [4] and 
for national prestige [11]. 
 
2.2 The required aerospace knowledge 
The process of identifying the type of knowledge is 
not straight forward; technology comes as a 
package, consisting of hardware, software, human 
capital, and intangible assets [19]. There are several 
different types of knowledge, with distinct attributes 
and transference difficulties. Some types of 
knowledge are embodied in the machinery and 
capital equipment, while other knowledge forms 
must be learned through experience, observation, 
research and development, and apprenticeships [20] 
and [21]. 
 A complex industry, with multifaceted 
interdependencies and the obligatory rigorous safety 
requirements, the aerospace sector requires a wide 
range of aeronautical knowledge, covering diverse 
product lifecycle (PLC) activities. This knowledge 
is necessary for a component or full aircraft in 
various technological fields, such as airframe 
structural parts, propulsion systems, avionics and 
aircraft electronics [22]. Hence, it is critical to 
understand and carefully select the appropriate 
aerospace knowledge for the desired aircraft and 
related systems and subsystems. 
  The PLC is an engineering approach that 
addresses the complete projected life of a product 
[23]. A typical PLC model starts from the design, 
and ranges to building and assembly processes, 
finishing with refurbishment or disposal [24],[25] 
and [26]. 
 Although there are differences between PLC 
models, a number of common activities can be 
identified. This paper presents an aerospace product 
life cycle with nine activities, as shown in Fig. 1.  
 
Fig.1 Aerospace Product Lifecycles (PLC) activities 
 An aerospace project comprises numerous 
products and processes, and it is impractical for 
many developing countries to acquire all the 
knowledge to carry out such a project. Therefore it 
is necessary for companies in developing countries 
to be aware of those activities of the PLC to be 
performed nationally, and the related aerospace 
knowledge to be transferred during the international 
collaboration. 
 
2.3 Knowledge management in international 
collaboration projects 
 
2.3.1 Technology transfer options and 
mechanisms 
Developing countries are faced with different 
options for technology transfer to acquire new 
aerospace knowledge, these are: purchase, 
independent build, steal the technology, and hybrid 
approaches such as reverse engineering, co-
production and co-development to acquire foreign, 
mature products [11], [27] and [28]. 
 International collaboration using co-production 
and co-development are the two legitimate 
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approaches available for developing countries to 
access and acquire aerospace knowledge from 
foreign countries’ organisations. Other options have 
disadvantages, such as high costs, limited 
knowledge transfer, long project times and 
uncertainty of success. They may also require an  
advanced industrial base and specific knowledge, or 
risk enormous penalties for infringement of 
intellectual property rights [28].  
 There are several mechanisms for  international 
technology transfer from developed to developing 
countries, such as: foreign direct investment, foreign 
patenting, personnel mobility  and joint ventures 
[29].  One of the most prominent mechanisms is the 
use offset programs. Developing countries’ 
governments are increasingly applying offset, which 
is an advanced form of countertrade, as a potential 
collaboration option [30] and [17]. Offset programs 
can take the form of co-production, licenced 
production, technical agreement, and transfer of 
technology [18].  
 
2.3.2 Knowledge transfer challenges 
Knowledge transfer in international aerospace 
collaboration projects is extremely challenging. 
Previous studies provide an understanding of the 
key challenges that face developing countries in 
establishing an aerospace sector [30], [31],[32] and 
[33], and are presented in Table 1. 
 
Table 1 Knowledge transfer Challenges 
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12. Using acquired knowledge 
13. Evaluate the success of transfer  
 
 As shown in Table 1, some challenges are 
before the transfer and start of the collaboration 
projects; for example, challenge No. 4: of not 
having a strong relationship between national 
stakeholders. In many developing countries the 
decisions for aerospace projects and related products 
are made by the government and Air Force only. 
There is limited participation of national companies 
and research and development (R&D) centres. 
These organisations are the actual receivers of 
aerospace knowledge, and should be involved in 
early stages, at the contractual negotiations, to 
include all their requirements.  
 Other challenges appear during the transfer of 
knowledge; for example, challenge No. 11: of lack 
of knowledge management (KM) skills. This issue 
is critical and is given limited attention in many 
international aerospace projects.  Many developing 
countries lack the capability to identify and capture 
the required aerospace knowledge, then to transfer it 
to the national facilities to be stored and used to 
create a product or service. 
  Finally, some challenges arise after the 
transfer; for example, Challenge No. 12: of 
absorbing and using the transferred knowledge at 
the earliest opportunity to design, manufacture and 
assemble a product. Unless the knowledge is 
appropriately captured and stored during the transfer 
phase, the receiving organisations in developing 
countries will have difficulties in using the 
knowledge independently.  
 Previous studies treat challenges as distinct, 
and do not relate them in a systematic process to 
achieve a successful transfer. Hence, developing 
countries need a holistic approach to manage these 
key challenges throughout different phases of 
transfer: from the selection of the aerospace project 
and signing the contract, to successful transfer and 
implementation. To this end, the following sections 
analyse different researchers’ viewpoints on the 
theme of knowledge and technology transfer.  
 
2.3.2 Review of technology transfer phases  
Aerospace technology transfer in international 
collaboration projects cannot be executed in one 
phase due to the complexity, legal issues and long 
timescales. The are several technology transfer 
phases (TTP) that should be considered when 
planning the production transfer from developed to 
developing countries [34]. Previously reported 
technology transfer models of Behrman [35], 
Dahlman [36], Chantramonklasri [37], Moustafa 
[38], Miles [8], Rebentisch [39], Minshall [9], 
Steenhuis [10], Yokozawa [40] and Khabiri [41] 
have a number of phases, ranging from three to 
nine. And some authors have provided similar 
models, specifically for technology transfer from 
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developed, to developing countries [35],[36] and 
[37].  
Phases from the different models can be used 
to create a new model, with the work of other 
authors on the issue of technology transfer utilised 
to integrate key phases from previous research [37], 
[40], [41] and [10]. For example, Steenhuis’ [10] 
model was synthesised from the different phases of  
eight existing transfer models into the following 
three phases: preparation, installation and 
utilisation.  
 The literature presents a number of common 
phases that exist in international technology transfer 
projects and can therefore be used in this paper. 
However, the phases were general, lack details and 
focused on strategic decision factors that affect 
transferring of production knowledge; thus it is 
difficult to select one model to apply directly to a 
developing county. Furthermore, these models 
describe knowledge transfer from either the 
perspective of the receiving company or the source 
company.  
 International civil and military aerospace 
projects require collaboration between partners. 
Therefore, there is a need for a new model with 
specific phases that is suitable for the aerospace 
sector. This is to fill the gap in this area and to 
support transferring knowledge to developing 
countries. Hence, three phases are recommended; 
these are: pre-investment, transfer and  
implementation. The following section explores 
different knowledge management life cycles models 
to provide a more systematic process. 
  
2.3.3 Review of knowledge lifecycles  
Table 2 illustrates most influential Knowledge Life 
Cycles (KLC) models in knowledge management 
with their key stages. 
Table 2 Review of Knowledge lifecycles stages 
Ref. Stages Description of stages 
[42] 5 
Acquire, Refine, Store, Distribute and 
Present 
[43] 7 
Get, Use, Learn, Contribute, Assess, 
Build/Sustain and Divest 
[44] 4 
Creation, Storage/Retrieval, 
Transference and Application 
[45] 3 
Creation, Documentation and Storage, 
Transference and Reuse 
[46] 5 
Discover, Generate, Evaluate, Share 
and Apply Leverage 
[47] 4 
Capture and Creation, Sharing and 
Disseminations, Acquisition and 
Application 
[48] 3 
Identify, Capture and Formal 
Representation 
[49] 4 
Identify, Create, Store, Share and 
Apply 
 
Many authors have observed similarities 
between the stages of KLCs in spite of the lack of 
commonality in use of terminologies (i.e. identify 
and creation, get and capture) [50]. The integration 
of key stages from different models has resulted in 
the construction of a simple, practical and 
comprehensive KLC model [49]. For example 
Dalkir [47] synthesised the previous work of 
different authors into three major stages: capture 
and/or creation; sharing and dissemination; and 
application.  
The wide range of KLC models has shown 
similarities in the essential elements of KM. Each 
model introduced new stages to be considered in 
understanding how knowledge is managed through 
the model’s lifespan. Focus has largely been on 
developing new ideas of knowledge management 
into a framework; less focus is directed towards 
applying the KLC to a situation where knowledge 
transfers from a developed country to a developing 
country, especially with regard to international 
aerospace collaboration projects.  
Based on the review of many existing KLC 
models, a new KLC model was developed in this 
paper that centres on aerospace knowledge transfer 
across countries. There are six stages:  Identify, 
Capture, Save and Transfer, Store and Install, Use, 
and Evaluate.  
 
 
3 The Field Study  
A field study was undertaken during 2015 
and 2016. Interviews were performed with key 
personnel from twenty-one national and 
international aerospace organisations in the 
Kingdom of Saudi Arabia (KSA). The field study 
revealed the following challenges: 
 The KSA has similar drivers for building an 
aerospace sector as those of other developing 
countries. The KSA’s vision includes a plan to 
locally manufacture half of its defensive 
technologies needs in order to justify its huge 
procurement costs (the KSA has the third highest 
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defence expenditure in the world, estimated at 
over $264 billion USD in 2015) [51]. 
 The field study findings showed that Saudi 
organisations’ manufacturing sectors are not 
geared to having the capability to fully design 
and manufacture an entire aircraft locally, but 
rather to acquire some elements of the product 
life cycle (PLC) of the products they want to 
transfer to the KSA during international 
collaboration projects. 
 All offset contractual agreements between the 
KSA and the developed countries are made 
without real involvement of the local companies 
and research and development (R&D) centres. 
 The people involved in the aerospace technology 
transfer projects are not technically learned; they 
have neither the skills nor the tools and 
techniques to support their decision making. 
 There is weak communication and coordination 
between all national stakeholders. 
 There is a lack of involvement in the design and 
production activities of the PLC. This is one of 
the reasons why Saudi organisations are not 
getting the right knowledge, which clearly 
indicates a lack of overall knowledge 
management activity in international 
collaboration projects throughout the design and 
production PLC activities. 
 The findings showed that all international 
aerospace companies interviewed are willing to 
share part of their knowledge and technology in a 
collaboration project due to the huge financial 
returns; however, national companies lack the 
skills, technologies, local workforce and 
infrastructure to benefit from those projects and 
to establish a real aerospace sector. 
The finding showed similar challenges to those 
presented in Table 1. The framework should 
consider the needs of the KSA and address all the 
challenges of knowledge transfer in international 
collaborative aerospace projects between developed 
and developing countries. 
 
4 The Development of the Aero-KT 
 
4.1 Approach of developing the Aero-KT  
The Aerospace Knowledge Transfer (Aero-KT) 
framework was developed based on the findings of 
the appropriate knowledge transfer literature on 
three main conceptual strands related to knowledge 
management: the technology transfer phases (TTP), 
the product life cycle (PLC) and the knowledge life 
cycle (KLC); as well as the findings of the field 
study that were analysed to discover the needs, 
challenges and practices of knowledge transfer in 
collaborative aerospace projects in developing 
countries (e.g. Saudi Arabia). The framework 
developed addresses the challenges that face 
developing countries in establishing an aerospace 
sector.  
The study of the different TTP showed 
different knowledge transfer phases; however each 
phase contains common meanings and purposes. 
Three phases (Pre-Investment, Transfer and 
Implementation) were adopted in order to facilitate 
the transfer of knowledge (i.e. skills, technologies 
and infrastructure) to a developing country as shown 
in Fig.2. 
 
 Fig. 2 The Aero-KT three phases 
The three phases presented in Fig. 2 provide 
the building blocks for the Aero-KT. In addition, 
there is a direct link to national R&D centres. This 
is important since the field study findings showed a 
lack of communication, coordination and 
duplication of effort and competition between all 
Saudi aerospace companies, government 
organisations and local research centres. The R&D 
organisations should participate in the pre-
investment phase before signing the contracts to 
assist the decision making; in addition the R&D 
centres should be involved in the implementation 
phase to ensure the development and continuity of 
transferred knowledge, which is a critical success 
factor in establishing an aerospace sector.  
Previous technology transfer models 
provided some insight for the pre-investment phase, 
but a new aerospace knowledge transfer phase was 
developed in this research to support the pre-
investment phase for establishing the aerospace 
sector. This includes three sequential stages: firstly, 
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a decision making stage to identify what to transfer; 
secondly, a selection stage of national suppliers to 
be the receivers of aerospace knowledge; and finally 
a negotiations stage to include the desired 
knowledge within the contractual agreement.  
The review of the PLC activities of an 
aerospace product, and the analysis of the AS-IS 
gap and interests in developing countries, such as 
the KSA, helped in narrowing down the options for 
the products and knowledge related to supporting 
the ‘pre-investment phase’. For example, an 
aerospace project for an aircraft includes different 
components, parts, sub-assemblies and systems. It is 
impossible to acquire the knowledge for all these 
products, so developing countries need to identify 
the PLC activities (i.e. design, production or 
servicing) to be performed nationally. In addition, 
they need to decide on the related aerospace 
knowledge to be transferred as a result of the 
international collaboration project.  
Fig. 3 illustrates how the PLC activities 
support top-level decisions in the pre-investment 
phase. For example, to assist in identifying the top 
level knowledge required for the design activity of 
the first product ‘p1’ for a specific aerospace project 
(i.e. to decide on acquiring the design capability for 
an aircraft wing internal structural components). 
However this top level knowledge is general and 
only supports the contractual agreement 
negotiations and is not enough to acquire the 
detailed knowledge to build a national aerospace 
sector. 
 
Fig. 3 Approach to support decision making for selecting 
aerospace products, activities and top level knowledge to 
be transferred. 
In order to access, capture and transfer the 
detailed knowledge from the international 
collaborating partner to be used by the national 
workforce in their national facilities, developing 
countries require a detailed and systematic process. 
Therefore, the researcher studied numerous KLC 
models with key stages arranged in a logical 
sequence. A specific model was adopted and 
modified to include a ‘Transfer’ stage across 
countries that addresses the challenges and 
requirements of developing countries based on 
literature findings and the AS-IS practices of 
collaboration, challenges and requirements for 
developing countries (e.g. the KSA). A new 
international collaborative knowledge life cycle 
“IC-KLC” with 6 stages was developed in this paper 
to fill the gap in this area and support the ‘Transfer’ 
and ‘Implementation’ phases, as shown in Fig. 4. 
For the purpose of knowledge transfer it is 
necessary to form an effective knowledge 
management team that will be responsible for 
carrying out the tasks at every phase of the proposed 
Aero-KT framework. A knowledge management 
collaborative team (KMCT) is proposed by this 
paper. The national team is to be physically based at 
the international facilities to work closely with 
foreign experts. The team members range between 
four to eight individuals depending on: the size of 
the aerospace project; the experience of the team 
(i.e. start with eight team numbers then for future 
projects the number is reduced to four as their 
experience increases); and the activities of the 
product life cycle to be transferred (i.e. small team 
for design only, or a large team for the whole 
product life cycle). 
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 Fig. 4 Approach of developing the transfer and implementation phases of the Aero-KT showing the collaborative 
knowledge Life Cycle “IC-KLC” 
4.2 Description of the Aero-KT 
 
 
Fig. 5 The Aero-KT framework 
Fig. 4 presents the Aero-KT framework that 
supports the transfer of aerospace knowledge from 
companies in developed countries to national 
companies in developing world; the transferred 
knowledge is the skills (e.g. design skills, processes 
planning), Technologies (e.g. CAD, Machinery) and 
Infrastructure transfer (e.g. factory layout). 
 The Aero-KT framework shows the main 
stages during each phase of the aerospace project as 
follows: 
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1. Pre-investment Phase: This phase starts before 
the formal signature of the agreement and has 
three stages: 
1.1 Executive Decision: is where national 
stakeholders make decisions on potential products 
(i.e. wings), product life cycle (PLC) activities (i.e. 
assembly of wings) and top level knowledge (i.e. 
general related technologies) to be considered in 
the final contract. 
1.2 Local Suppliers Selection: is about searching 
for suitable national suppliers to undertake the 
PLC locally and be the receiver of the knowledge. 
1.3 Negotiating: is where the contractual 
agreement about what has been agreed is signed. 
2. Transfer Phase: The transfer phase starts after the 
contractual agreement has been signed and 
includes the top-level knowledge of the products 
that needs to be acquired by the developing 
countries. This phase is tactical and consists of 
four stages: 
2.1 Identify: here, the KMCT will collaborate 
with the assigned team from the international 
company in order to identify together the 
knowledge related to performing the specific 
PLC activities. 
2.2 Capture: to physically capture the identified 
knowledge in different forms; for example, to 
have an agreement with the international 
company to get a copy of the engineering 
drawings and technical documentation. In 
addition, to agree on specialised training courses 
and on-the-job training for the national 
workforce to acquire tacit forms of knowledge, 
such as design skills. However, this stage 
depends on the skills of the KMCT and the 
techniques and tools used to formally capture the 
knowledge. 
2.3 Save and Transfer: save is used for soft 
knowledge that can be stored in an electronic 
format in an external shared database. Transfer is 
to arrange the transfer of knowledge, 
documentation and hardware from the developed 
to developing countries using shipment. 
2.4 Store and Install: is the process of storing the 
knowledge in the national company repository 
and install machines equipment (i.e. machines 
and tools) at the national facilities.  
3. Implementation Phase: the final phase of the 
Aero-KT starts after the transfer of knowledge 
(i.e. skills, technology and infrastructure) to the 
developing country and has two stages: 
3.1 Use: for the national companies who are 
officially collaborating with the international 
company, to retrieve and use the knowledge to 
enhance their work and begin establishment of 
the aerospace sector. In addition, to effectively 
manage lessons learnt and to support decisions 
for future aerospace projects. 
3.2 Evaluate: to see if the transferred knowledge 
has enabled the national companies to perform 
the PLC activities independently; for example, to 
perform assembly and sub-assemblies projects, 
and to manufacture basic components with 
limited foreign support. 
 
 
5 Conclusion 
 
 
This paper presents an aerospace knowledge transfer 
framework (Aero-KT) with three phases. The 
framework is suitable for use by developing 
countries to effectively manage knowledge transfer 
into their countries during international aerospace 
collaboration projects. In addition, the paper 
presented a well-established international 
collaborative knowledge lifecycle “IC-KLC” for 
transferring knowledge between developed and 
developing countries.  
The development of the Aero-KT is based 
on critical analysis of the literature on the topic of 
knowledge and technology transfer from developed 
to developing countries during international 
aerospace collaboration projects. This is supported 
by a detailed analysis of the challenges and motives 
of establishing a national aerospace sector from the 
related literature and from an industrial field study 
in a developing country (i.e. the KSA).  
The Aero-KT is designed to guide the entire 
process, from the decision on selection of the 
aerospace project and signing the contractual 
agreement, to successful transfer of knowledge, to 
actual implementation. However, further research is 
required to identify formal tools and techniques to 
support knowledge management tasks.  
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